Abstract-In this paper we report on two-photon-excited bit by bit data storage within a photorefractive polymer composed of 53.9 weight percents of PVK (Poly(N-Vinylecarbazole)), 30wt% of DMNPAA (2,5-dimethyl-4-(p-nitrophenylazo)anisole), 16wt% of ECZ (N-ethylcarbazole) and 0.1 wt% of CdS quantum dots as a sensitizer. Multi-layer data sets with a layer spacing 20 are recorded using a pulsed ultrashort laser at a wavelength of 780 nm.
INTRODUCTION
Photorefractivity has attracted the interest of many researchers because of its re-writebility based on space charge separation. Holographic storage is one of most common volume storage systems where information is recorded as phase gratings in a medium [1] . Another widely used technique is three-dimensional (3-D) bit data storage where data bits are recorded by the use of two-photon excitation in the focal region of an objective [2] .
Quantum dots are nano-sized particles. Their electronic and optical properties strongly depend on the size, shape and surface capping [3] . Because of their high quantum efficiency, they have attracted great interest of researchers for application in photorefractive polymer as a photocharge generator [4, 5] . Charge generation and transportation under single-photon excitation have been demonstrated in holographic setup [4, 5] . Due to the large multi-photon excitation absorption cross section of quantum dots, it is significant to investigate the twophoton-induced optical data storage technique in quantum-dotdoped photorefractive polymer materials. In this paper we have incorporated CdS in a photorefractive polymer as a sensitizer to improve the photocharge generation. Multi-layer optical storage under two-photon excitation was demonstrated.
II. EXPERIMENTS

A. Experimental setup
The experimental setup is a typical microscopy as shown in A titanium:sapphire ultrashort pulsed laser (pulse width of 100fs, Spectra-Physics Tsunami) operating at a wavelength of 780 nm was employed as a light source for two-photon excitation. An objective (NA, 0.7; 20x) was used to focus the illumination beam into the recording sample. A CCD was used to monitor the recording process. Differential interference contrast microscopy that is sensitive to small phase change was used to read out the refractive index change of recorded bits.
B. Sample preparation
The sample was prepared in the following way. The mixture of 53.9 wt.% of PVK, 30 wt.% of DMNPAA, 16 wt.% of ECZ and 0.1 wt.% of CdS capping with thiocresol was dissolved in chloroform first. Then solution was evaporated at 60 0 C for 20 mins to get rid of solvents. The sample was then placed on a glass slide between Teflon spacers and heated at 200 0 C for 3 mins. The polymer sample was sandwiched and cooled down to room temperature quickly. The sample prepared in this way showed good optical quality and homogeneity. Fig. 2 illustrates the absorption band of our sample. Since the absorption band cuts off at 650 nm the wavelength above 650 nm can be used for two-photon excitation.
CdS we used was prepared in a well developed method [4] . The inset of Fig. 2 shows the absorption band of CdS capping with thiocresol. The first extinction peak was around 397 nm, corresponding to an average diameter of 3.29 nm. Since the particles had a small diameter and we incorporated them in a low concentration 0.1 wt.%, there is no optical scattering and aggregation observed. The first absorption peak around 397 nm matches the wavelength of 780 nm, which we choose for twophoton excitation.
C. Bit characterization
To compare the efficiency of the sensitizer a sample PVK: DMNPAA: ECZ without any sensitizer, concentration of 53:30:16 in weight percent was prepared. Another sample with 1wt% of TNF as sensitizer was also prepared. Fig. 3 shows the bit diameter as a function of the recording power. The bits were recorded at the same depth of the sample with enough spacing between adjacent bits to avoid any interference. The exposure time was fixed at 25 ms for all bits in the three samples. All bits are fitted with Gaussian function to measure the bit diameter. When the illumination power is below 20 mw, a reversible refractive index change in the focus spot is observed in all three samples. All the recorded bits can be completely erased by exposing to UV light in 5 seconds. Further increasing the incident power permanent bits are recorded before voids are formed. The permanent bits are mainly due to thermal damage to the sample under high power excitation.
DMNPAA is a kind of azo dye chromophore that can produce photoinduced birefringence during the photoisomerization process [6, 7] . Without any sensitizer a refractive index change can be attributed to the photoisomerization of DMNPAA. In TNF and CdS doped polymer materials, both photoisomerization and photorefractive processes may contribute to the refractive index change. However from Fig.3 we cannot see the difference in the three samples. 
D. Multi-layer storage
Holographic memory in quantum-dot-doped photorefractive polymer has been demonstrated by several groups [4 ,8, 9] , we report on, for the first time, multi-layer bit data storage within quantum-dot-doped photorefractive polymer under two-photon excitation. Fig. 4 shows the readout results of patterns A, B and C recorded in three layers in the CdS doped polymer. Each layer consists of a pattern of 24 24 bits. Each bit was illuminated with the same power and exposure time. Fig. 4(a) contains a pattern of letter A recorded in the first layer. The second and third layer contain letter B and C respectively. The layer spacing is 20 m and the spacing between neighboring bits is 3.2 m . Thus we estimate the storage density of our system is 5 Gbits/cm 3 .
In Fig. 5 we demonstrated the ability of erasing recorded information and rewriting a new pattern in the same region. Fig. 5(a) is the recorded letter G. Fig. 5(b) is the result of complete erasing after exposing the recorded information to UV light in 5 seconds. Then a new pattern letter F is rewritten in the same area as shown in Fig. 5(c) . The two circles indicate erasing and rewriting in the same region. 
III. DISCUSSION AND CONCLUSION
In this paper we have investigated the two-photon-induced refractive index change within a quantum-dot-doped photorefractive polymer. Its application in multi-layer bit data storage has been demonstrated. The erasing and rewriting information in the same region have also been demonstrated.
The mechanism for this refractive index change may result from two competing processes, photoisomerization of DMNPAA molecules and photorefractivity. CdS can generate space charges under two-photon excitation. The charges are transported by the polymer backbone and trapped. Therefore a space charge field is formed. The dye chromophore will introduce the refractive index change under the space charge field. More work needed to be done is to separate the two process.
